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Advances in discrete geometry
Discrete geometry emerged in the last decades as a theory fromgroundwork in automated representation and processing
of digitized objects. From image synthesis to image processing, a wide range of concepts have improved the techniques
leading not only to a better understanding of the mathematical structure of discrete objects but also in faster and more
accurate implementations. It covers a wide range of domains from scientific to artistic fields and it mainly deals with
topological and geometric descriptions of digitized objects providing both a theoretical and computational framework for
computer imaging.
In the last 20 years, the International Conference on Discrete Geometry for Computer Imagery (DGCI) was devoted to the
topic. The 15th edition, organized under the sponsorship of the International Association for Pattern Recognition (IAPR) took
place in Montréal (Canada) from September 30 to October 2, 2009. DGCI 2009 reached a large international audience since
sixty one papers were submitted originating from fourteen different countries. Following a thorough reviewing process,
forty two paperswere accepted for presentation. This special issue includes a selection of the best papers dealingwith topics
closely related to the Theoretical Computer Science community. Performedwith special attention by a panel of advisers, the
selection was based on the relevance and quality of their theoretical content. These extended and significantly improved
versions were submitted to an extra reviewing cycle to meet the journal standards.
The first paper, by Valérie Berthé, is about arithmetic discrete planes, that is, sets of integer points located between two
parallel Euclidean planes separated by a given thickness. A thin discrete planemay contain ‘‘holes". These geometrical objects
are studied by means of generalized faces obtained from a projection technique. This framework is justified, in particular,
by the fact that it provides a condition on the thickness of discrete planes in order that the holes are bounded.
The second paper is a masterpiece of an axiomatic construction bringing a new insight on the discrete viewpoint. Anders
Kock contributed to the development of what is known as Synthetic Differential Geometry. The ground of the theory is the fact
that classical differential calculus can be lifted in algebraic geometry where the limit process does not exist: this is achieved
by enriching the affine line Rwith infinitesimals – nilpotent elements in this case – that are distinct from the infinitesimals in
non-standard analysis. The benefit is that computations are easy and do not request the use of limits as in classical analysis.
The third paper by Alexandre Blondin Massé et al. exhibits two infinite families of tiles that tile the plane by translation.
They have the peculiar property of tiling the plane in two distinct ways and no more, a universal structural property that
remains to be understood.
The next paper is about rhombus tilings which include the celebrated Penrose tiling. Olivier Bodini et al. consider the
flips, local rotations on the rhombi of a tiling, and the distance between tilings measured by the minimal number of flips
connecting them. A lower bound is provided by the Hamming distance and its sharpness is analyzed.
The reconstruction of a matrix whose entries are of two distinct types is known in Discrete Tomography as the 2-color
problem, which is known to beNP-hard. In paper five, Stefano Brochi et al. consider a tractable subclass forwhich they design
a linear time algorithm.
An estimator for the derivative of discrete curves and discretized functions is presented by Henri-Alex Esbelin et al. The
estimator uses convolutions with integer-only binomial masks. Convergence results are provided for C2 real curves and for
parametrized curves. Moreover, in the latter case, as the discretization step tends to zero, the mask size required to ensure
convergence is small enough to consider the binomial estimator as a local estimator.
An algorithm for computing the latticewidth of a discrete set of points in the plane is described next. Emilie Charrier et al.
present a method based on the computation of a surrounding polygon, from which they deduce a set of candidate vectors
for the computation of the lattice width. The method extends to arbitrary dimension, since there is an efficient algorithm
for computing the surrounding polytope of a discrete set.
The pattern frequency of discretized straight lines is well known, while for arbitrary functions this problem is still open.
Mohamed Tajine and Alain Daurat (who unexpectedly passed away on June 25, 2010) compute the limit, as the resolution
tends to zéro, of the pattern frequency of the discretization of the class of so-calledmultigrid equidistributed functions. They
apply the result to parabolas and show that the local length estimators almost never converge to the length for parabolas.
0304-3975/$ – see front matter© 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.tcs.2011.04.048
4756 Preface / Theoretical Computer Science 412 (2011) 4755–4756
The last paper closes a gap for a series of linear algorithms about the contour of discrete regions, where it is always
assumed that the Freeman chain code of a contour is closed an non intersecting. By using an enriched quad-tree structure,
based on radix trees for encoding the discrete coordinates, Srečko Brlek et al. provide a linear algorithm for testing path
intersection.
We wish to thank all authors who contributed to this special issue and especially the anonymous referees for their help,
their generosity in the tedious task of carefully reading and reviewing of the papers. Special thanks to the managing editors
of this journal for the opportunity they gave us to publish this special issue. We enjoyed working on its preparation and we
hope that you will enjoy reading it.
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